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ABSTRACT 
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the following program topics: (1) the sine relationship in the first 
quadrant; (2) the cosine relationship in the first quadrant; (3) the 
sine and cosine relationships in all quadrants; (4) the linear 
combination of sines and cosines; (5) the inverse of a parabola; (6) 
the inverse of the sine function; (7) the straight line; (8) the 
upright parabola; (9) more graphs of parabolas; (10) the absolute 
value function c^nd its graph; and (3.1) general parameters for 
graphing functions. (JJK) 
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Thla booklet 1a the third in a series of nine booklets 
¥hlch constitute the Hofstra University Teacher Training 
Institute (TTI) packet. The Institute was a National Science 
Foundation supported three-year progran for exemplary secondary 
school aatheeatics teachers. Its purpose was to broaden and 
update the backgrounds its participants with courses and special 
events and to train and support thee in preparing and delivering 
disseeination activities aeong their peers so that the 
Institute's effects could be aultlplied. 

This packet of booklets describes the goals, development, 
structure, content, successes and failures of the Institute. We 
expect it to be of interest and use to eathoBatics educators 
preparing their own teacher training prograes and to teachers 
and students of eatheeatics exploring the eany content areas 
described. 

"Software in the Classrooe" was a basic topic offered as 
part of the TTI's cycle of courses. This booklet desTlbes the 
work of Auth & Rudolph Mutter on software which assists in the 
teaching of various topics of the high school eatheeatics 
currlculun, such as the behavior of the trlgonoaetric and 
quadratic functions. This software eephasises understanding 
above drill and aakes use of the computer's unique capabilities 
in unison with the teacher, who acts as an indispensible guide. 
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TEACHER-TRAINING INSTITUTE REPORT US: 



THE COMPUTER GOES TO THE FRONT OF THE CLASSROOM 



by 

Ruth Hutter 
Mathematics Department 
Borough of Manhattan Community College 
New York. NY 10007 



The accompanying disk Is for use on the Apple II computer. A 
review of the original software, of which the disk Is a sampler, 
Is to be found at the end of this booklet, and was provided 
through the courtesy of R. & R. Hutter 



(c)1989 Ruth & Rudolph Hutter. All rights reserved, except that 
permission will be granted to make a limited number of copies for 
noncommerlcal educational purposes, upon written request, 
provided that this copyright notice shall appear on all such 
copies . 



ERIC 



4 



The Camputer Goes To The Front. .Of The CI a'.5srooni. 
i by 

Ruth Mutter 
Mathematics Department 
Borough a-f Manhattan Community Callage. 
199 Chambers Street 
New York , N.Y. 10007- 



The programs included in this report are 5samplei^ of a whole 
group of software designed to enhance the teaching of the 
subject matter contained in the curriculum of the High School. 
Each program is accompanied by printed information giving a 
detailed description^ and a variety of pedagogical ^:-A.iggesti ohb. 

P u r p o <s e a n d P h i 1 o ^ a p h y , 

It is my belief that in order l.o do well in mathematics at 
any age level it is nec^^^ssary to understand the concepts on 
which def ini ti on^ii and ope^rationsn are baBed^ Succei=i5-:f ul 
applications of mathematics to explain and describe ^ 
quantitative relations in our environment can only be achieved 
if learning i\a conceived as understanding. 

Drills which is offertjd in abundance on most educational 
software, should only be used when a mechar.isation of certain 
operations leads to an economy of thinking. 

"Math Anxiety" is most often nothing but fear that our 
mechanical memory will fail us. and that the ^ ax lure will cause 
us to make the most c^bsurd n\i stakes. 

I am convinced that the difficulties experir^nced in Ic^arning 
do not lie in the nature of mathematics itself, but that the 
reason for poor performance is the method by which it is 
taught H 

The role of the computer. 

The computer could be very helpful in the teaching of 
mathematics. Its capability to create dynamic pictures is 
often far more efft?ctive than dr^xwings in textbooks and on 
blackboards in clarifying the meaning of concepts and 
operat i ons. 

Unf ortunatel y :i the majority of educational programs 
presently on the mar-k£9t are tutor i al ^ dri 1 1 , or testing 
programs; they do not vnake use of the unique capabilities of 
the computer just dr scus^iiied even though they are often 
technically competi^nt. Tutorial programs ar^^ no repi <-A(:.ement ^::> 
for' a good t e? a c h e r s i n c t: h e n roc e d u r s p r o g i * a m m e d ri t o t h (£: 
computer are bv' neces^i ty inf "lex ible. 

T e a c h e r s o f t e n h r-» j. 1: a t t a u b e t h e c o 1 1 1 p u t e r i n t h e c .1 ass i " o o m 
because they b^^lievi.-- j. t to b;:^ time consuming. It has been the 
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experience, however, that understanding of -fundamental ideas 
can shorten considerably the time &pent on repetition and 
review. It also leads to farsiter ganiijral i sat i on o-f ideas and 
lets the student himself see the variety o-f applications 
without discussing a large number of examples. 

Other objections, voiced frequently, are that the teacher 
does not possess the necessary computer knowledge. Our programs 
ware designed to require hardly any knowledge other than being 
able to read and to "push buttons". 

It should be emphasised again that the computer is only an 
excellent assistant to the teacher but does in no way replace 
him or her. Since the computer is not a mind-reader it cannot 
sense the difficulties a student may experience ir a particular 
situation. 



Additional notes. 
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If the receivers of the report-packages have tri.-^d the 
programs on the accompanying disk, the author is interested 
their comments. The /:<uthar is also offering to conduct 
workshops, where the usy of these and other programs can be 
demonstrated in simulated classroom situations." 

Time, place, and specific subject matter can be arranged by 
contacting Nrs. Ruth Hutter, 445 East BO th. Street, New York 
N.Y. 10021, Tel. (212) -247-4563. 

The programs included with this report arc-'! 

1. SINE (1. QUADRANT) 

2. COSINE (1. QUADRANT) 

3. SINE AND COSINE (ALL QUAD'S) 

4. COS(BX)+SIN(AX) 

5 . : NVERSE-PARABOL A 

6. INV/ERSE-SiNE 

7. STRAIGHT LINE 

8. UPRIGHT r-MRABJLA 

9. GRAPH PARABOLA 

10. ABS(X) 

11. FUNC-PLOT (PARAMETERS) 

Information an other programs may be obtained from the 
author. 
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BEST COPY AVAILABLE 



Program ttl SINE ( 1 . QUADRANT) 
' Ge?neral Topic: Trigonometry. 



A. SpBci-fic Topic: 



1. Values of the sine-function of an angle a, 0<»«a<«90 

2! Graphic representation of the sine curve for 0<»a<«90 , 



B. Description of Program; 

Draws a sequence of right triangles in a unit circle. In every 
triangle AQP (see figure below) sin(a) Is then represented by the 

ratio PQ/PA « y/|l|-y. ^ ^ 

The angle values (in degrees) are then transferred to the ex- 
tension of the horizontal axis of the coordinate system, the corre- 
sponding y-values are drawn in, and their endpolnts are connected by 
a curve, the sine curve. 




C. Required Mathemati cal Background; 

1. Knowledge of the definition of the sine as a ratio. 
2 Graphing In rectangular system of coordinates. 
3. Knowledge of relationship between degree and radian measure 
of an angle. 

D. Use of Program: 

To get a good understanding of the values of the sine-function 
in the first quadrant and the graph of the function. ^ ^ ^ 
Visualization of the increasing nature of the sine-function In 

the first quadrant. ^ ^ . ^ 

(use of space bar permits quick interruption of program in pro- 
gress! ) 




E. Class- and -Homework; 

Let students draw a unit circle on graph paper and have them 
draw a curve similar to the one on the screen, using y-values from 
the unit circle. 

8 



F# Pedagogical Commentary: 

The definition of the trigonometric ratios starting with 
a right triangle often makes it difficult for the student to 
associate these ratios with the idea of a 
function. 

The visualisation on the screen makes it easy to 
understand the meaning of the sine function in terms of the 
sides of a right triangle. 

Placing the quarter circle into a cartesian coordinate 
system and describing the trigonometric ratios in terms of the 
coordinates of points on the circumference of the circle and 
their distance from the origin leads to an easily intelligible 
introduction of the trigonometric functions for angles larger 
than 90 degrees* 

The signs of trigonometric functions in the four 
quadrants are quickly learned; no great amount of memorisation 
drill is necessary. provided the student is familiar with the 
cartesian system of coordinates. 



-5^ 



Program »2 COSINE ( 1 . QUADRANT) , 
General Topic: Trigonometry. 



A. Speci-fic Topic! 



I. 
2. 



Values of the cosine—function of an angle 
Graphic representation of the cosine curve for 0<=64 



B. Description of Program! 

Draws a sequence of right triangles in a unit circle. In 
every triangle AQP (see figure below) cQs(e^) is represented by 
the ratio AQ/AP « = 

The angle values (in degrees) are transferred to the 
extension of the vertical axis of the coordinate system, the 
corresponding x-values are drawn in, and their endpoints are 
connected by a curve, the cosine curve rotated by 90. 




Thi-^. results in a plot of the cosine function for angles 
between O'and 90*in an unconventional position. The next step 
in the program rotates the cosine ordinates (without changing 
their length) counterclockwise by 90 degrees and thereby 
bringing the cosine curve into the conventional position. 

C. Required Mathematical Background: 

1. Knowledge of the definition of the cosine as a ratio. 

2. Graphing in rectangular system of coordinates. 

3. Knowledge of relationship between degrees and radian 
measure of an angle. 
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D. U se of Program: 

To get a good understanding of the values /^H^'l^ 
function in the first quadrant and the graph of the function 

5lsuaUzatian of the decreasing nature of the cosine 
function in the first quadrant. „x 4.k= 

(the use of space bar permits quick interruption of the 

program in progress!) 



E. Class- and Homework: 

Let students draw a unit circle on graph paper and have 
them draw a curve similar to the one on the screen, uc.ing 
N-values from the unit circle. 



F. Pedag ogical Commef^tary: 
See program ttl. 



I 
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rt. Q ppcific Topic: 



i360°) . 



1. values of sine and cosine functions (0< ^^^^^^ 
2 Graphical representation ot 
6*<-a<»360°(2TT) . 



for 



B. 



H;:; ..dpoints or t.e ora.n.tes (a.scissa,, are t.en connected to 
=urve thrhorlzontal abscissas again in their usual 

at TT/2, TT, 3/2TT, 2TT. 




M.thematlr.l Backqro.und: 

1. 



2 
3 



;:;:;::;:rT^ - .ncuons= sin,..v/.... 

iHl" -"reia?ioS:nrrt«een ra.ian an. .e,ree »ea. 
sures of angles. 
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0. if«A Qf Program; 

To oet a flood understanding of the behavior of the sine and 
cosine ^?Lctlons In the four quadrants and to" Illustrate the rela- 
tlonshlp of the sine and cosine curves. ^ 

. dISon???a?e"thrper?od?c n"2re ^f the sine and cosine functions. 
'° "re ^-^U -?" facilitate the -morlzatlon of the function 
values (tSge?her with their signs) and It can be used to Introduce 
the Idea of 'reference' angle. 

B . niasa- and Homework; 

The Droaram can be used to Illustrate' reasonableness of an 
answeS lnv2"lng function values, to visualize points of Jntersec- 
??oSs of the sine and cosine curves, to show maxima and »lnlma 
^ilSes! Irl to give an approximate solution to simple inequall.ties . 
such as 8ln(oc)<l/2. .. 

p. Pedagogical Commentary: 

Program *»3 is an extension ; -.grams #1 and #2 ,the user 

behavior o^ th:;/?unctl cms In certain intervals of the domain 
/4 nr-K-oasina or decreasing, maxima or minima). 
""SX ?he astSSption ?hat the circle is a unit Circle the 
ranaes o+ the functions can easily be established. 

The oraDh shows the behavior of the functions in the four 
nuaSPants? The radian measure in the graph might be converted 
?o degree measure by the student as a homework assignment. 
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Program #4 CDS (BX) -fSIN (flX) . 
General Topic: Functions. 



A. Specific Topic: 

Combination of functions by addition of ordlnates. 



B. Df scrlotlon of Program; 

Sketches the graphs of y«sln(ax) and y«cos(bx} with user-se- 
lected frequencies a,b. Demonstrates visually the addition of the 
ordlnates of the sine curvi to those of the cosine curve, and then 
produces the curve of the sum of the two functions. 

Two speeds are available to show the process. 

C, Required Mathematical Background; 

1. Knowledge of trigonometric functions. 

2. Curve plotting. 



D. Use of Program! 

Contributes to the study of graphing of move complicated curves. 

The student might be asked to graph curves with varying, fre- 
quencies and to compare his results, with those produced by the com- 
puter. 



E. Class* and Homework; 

Since the melthod of adding two sinusoidal functions can also be 
applied to other types of functions, the student may be asked to 
graph functions such as 

yBK-fslnCax) 

or 

y«3x*+cos(x) , 

and then use program #11 .y - ' for comparison of results. 



F. Pedagogical Commentary: 

• The program presents a graphical representation of the 
addition process applied to two functions. 

It attempts to show visually the addition of two functiom 
by adding the ordinates of one function to the other. 
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Let students use the same procedure for the folloMing 
functions: 

f (x)«x^ -2«lxl 

.and 

The results may be verified by using program #11 with proper 
parameters. 

( see attached graphs bghich were obtained by this method ). 
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0 


0 
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. Program #ir INVERSEJ=>ARABOLA. _ ^ 
"General Topic: Functions ano Relatxbns, 



A. SoBcific Topic;, 

1 Inverse functions and relations 
2*. Conic sections-Parabola. 



B n^orrl ptiop »^ Prooratn: 

PXots the inverse or v-x' bV showini that the J«-e^.raph^_V.^ 
^nr1uSs?raUrtS:t1f*ptoS5e?t? haS coordinates x,y. the co- 
ordlnates of P(lmage) are y.x. 

Knowledge of the coordinate geometry of the conic sections. 

0, n*t*» of Pr ogram: 

OeMonstrates that V-^U, V^^^^^^ 
*xi:?rr„inn i:'l^t:?vSi'«h:r Se" orlgLal function v.«(x, is 
either Increaslna onW « f <;^^.»^^"?,:S'ihE Is the Inverse function. 
SlmnS'if "x'^^nd x<"o t^en - ^ Is the Inverse function. 

£. nlaas- and Homework; 

^ ^vom textbook. Let students Investigate whether 

a ,l^:i'1^nrtforhL'rn^nS°f;nctlo„ and In which Interval. 

c PedaqoQical Commentary:. 

Th« nroaram illustrates two methods a+ obtaining ••inverses". 
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Program INVERSE SINE. 

General" Topic; Functions and F^elations. 



A. g pecific Topic; 
Inverse functions. 

B. n«>«erlDtj '^n of Program: 



Plot, the sine curve between -2.<.x<..n and refU 

line Y-x. The graph *^%"""J'*i°rnp;rpolnU on the original 
19 obtained by drawing P"P^"5i°o''"e perpendiculars to Image 
curve to the line Y"'t »'»d extending the P«P function, y-x be- 

roierth'e^Stiuirr ^rsertrr*:r°th*e Unes'connectlng the object 

K *?hr;ine curve i^-ira^^r^^e^cn'trtUS" iT lli'^Tc-- 
♦ir/2. y-«"l»<'|> "»,^:^?:;!"'$Sts is shown in tSe graph by reen- 
?^?::^Snforth "or r^f^he ^^csln-curve between x-l and 



C. wa qtilred Mathematica l Background; 

1. understanding of the function concept. 

2. Knowledge of trigonometry. 

3. Curve plotting. 



D. iTgA nf Program; 

J:;;:^ir;on^e^t raSrsHe^^tlons and functions. 

g nlasg- and Homework; 

' Let students graph the arcslne-functlon by the demonstrated 
procedure. 



F. Pedagogical Commentary; 

See the commentary -for program «5. 

In the present program the method of interchanging k and y 

is not illustrated. 
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" 'T€ should be emphasised tnat the poriodici ty""of 
trigonometric functions creates problems of interpretation 
related to the inverse trigonometric function. Clearly, the 
relation y«arc sin<>{) is not a function. To each value of w 
from the domain of the arc sine (-l<=x<»=l) there correspond 
infinitely many values of y , where •-«0< y < +«. Therefore, the 
range is restricted to its "prinipal value", i.e.- 5-<«y<= •£ " 

That range is considered the range of the arc sine 
function. The graph indicates that range. 
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Program #7 STRAIGHT LINE. 
General Topic: Analytic Geometry. 



A. Specific Topic: 

Analytic Geometry of the straight line. 

B. Description of Program; 

Draws a straight line through two user - chosen points xi , yi 
and X2, y2. Shows the slope of the line by drawing y2-yi»Ay and 
X2-xi"Ax, and prints its numerical value. It then asks for another 
x-value X-X3 , computes the corresponding y-value y-yo , and by draw- 
ing ya-yi and xa-xi shows by similar triangles that: 



Y -y y -y 



X -X x^-x 

2 1 3 



1 K i ZJ 



C. Required Mathematical Background; 

1. Elementary Algebra. 

2. Knowledge of similar triangles. 

3. Graphing of straight lines. 



D, Use of Program; 

This program emphasizes the constancy of slope of a straight 
line and, therefore, can be used for the derivation of the equation 
of a straight line: 

y-y, 

*• ■ m 

x-x 

1 

Different forms of the equation can then be obtained from the 
above formula as follows; 

y-yi»m(x-xi) (point-slope form) 

y«rax+{-mxi+yi ) 
Letting a«m and ba-mxi+yi we have 

y«ax+b (slope-intercept form) 
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This can also be written as: 

Ax+By+C*»0 (standard form) 

which can lead .o: 



or 



X 



(-!) (-D 



Letting: 



C 
A 



and 



q 



C 
B 



we have 



p <i 



(Intercept form) 



where p and q are the x- and y-lntercepts , respectively. 
Zero slope and Infinite slope can also be demonstrated. 



E. Class- and Homework: 

Select textbook problems for analytical discussion of 
functions and use computer for verification. 



linear 



p. Pedagogical Commentaryl 

By selecting x2 equal to xl and y2 differing ^'rojn yX a. line 
oarallel to the y-a>:ls (with infinite slope) is otttained. 
Letting y2 be equal to yl and selecting x2 different -from xl a 
Una pirallel to the >:-a>:is (with zero slope) is Produced. 

The program should be helpful in demonstrating that the 
student needs only to remember one form of the equation of a 
straight line, namely 



y-yl 



m 



(1) 



The equation through two points only requires the 
calculation of the slope: 



y2-yl 



>:2-x 1 



as m 
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and the substl tuWo'h of the coordinates o-f either point. 

If the slope and the y-intercept (0,B) are given the 
equation is given by: 



y-B _ 

x-0 



In case the x- and y-intercepts are given (>«1,0 and 0,y2) we 
obtain the slope as: 



y2-0 

■ « m 

and the equation becomes: 
y-y2 y2 



x-0 -xl 
Mhich leads to: 
X . y 
xl yl 

which is the "intercept" equation. 



o 
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Program «B UPRIGHT PARflBOLft.. 
general ToPlc; Analytic Beometry. 



A. Speci-fic Topic:. 

Locus properties of a parabola. 



B. Description of Program: 

Draws a line (directrix), a fixed point (focus) and points such 
that their distance to the fixed point equals the distance to the 
fixed line. The curve connecting these points Is a parabola. 

C. Required Mathematical Bac kground; 

1. Facility In algebraic manipulations. 

2. Formula for distance between two points. 

3 Knowledge of graphing. ^ 



D. tTse of Program: 

Illustrations emphasizing the locus properties of points lying 
on 'the curve facilitate the- derivation of the equation of the orl- 

oln-centered parabola. , ^. . 

In this program the axis of symmetry Is along the y-axls. For 

demonstration of the Inverse parabola, x-y^ (axis of symmetry along 
the x-axls) use program #5 (menu #2). , 

For demonstration of .Influence of parameters on the shape of a 
parabola, use x)r-ograms tcjjand #7/ . 



E, Class- and Homework: 

Read pertinent material In textbook. 
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F, Pedagogical Commentaryl 

The student is often handed a formula describing a curve 
without being told how the -formula Mas arrived at. 

Using locus properties of a parabola the program shows the 
derivation of the formula for this curve. 

The ratio of the distance of a point on the parabola to a 
fixed point (focus) to its distance from a fixed line 
(directrix) equals one: 



( using ratios greater or smaller than 1 will lead to equations 
of other conic sections ). 



FP 



= 1 



PM 



V 



/ 




/p 



X 



M 



D — 



PARABOLA 



FP/PM 1 
P r FOCUS 
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Prnnram tt9 GRAPH PARASOLft. 

General Tooic: Analytic BeornetFy, 



A. Specific Topic: 

i: rap"oi%:2Sr"t?riu„ctlons of the for«: y.A.x-H.^^K 

(H,K coordinates of vertex). ^ 
.3. Translation of function Y»Ax . 

B. no«rglDtio n of Program; 

Plot, the parabolic function: y=A(x-H)HK for user chosen values 
of A,H, and K. 




1. Knowledge of quadratic equations 

2. Knowledge of graphing. 



D. Tt«o nf Program; 

Gives the students a visual display of f ^ °* 
ra«et«s A.H.K (shift of vertex, location of zero*.). 

E. niass" arA Homework; 

in class discuss the relationship between the two forms of the 
quadratic equation: 

y«Ax*+BX+C and Y=A{x-H) +K 

Given ' V " * ' 

y«A { X-H ) ^ +K«Ax2 -2 AHX+AH^ +K 

Let -2AH«B and AH^+K«C 
We have; y»Ax^+Bx+C. 
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Similarly: Given (program #6) 
y«Ax*+Bx+C 



2 b2 



Let H. - and K-C - 



we have 



Use program ttll to demonstrate the equivalence of the two ^ 
forms: 

y=2j<^+2x+3 (1) 

y--=2(x + .5)^+2.5 (2) 

since Hs-2/4=-.5 and K=3~2/4-2.5 

Use in program ttll the following expression: 

FU) -A# < 2*x •''2+2 »x +3 ) +b* ( 2* ( :•! + . 5 ) -^2+2 . S ) 

and use successively :A=1,B=0 and A=^0,B=--=1 to obtain a plot of 
(1) and (2). Note that both curves will fall on top of each 
other . 



O 



p, - Pedagogical Commentary: 

start with using A=1,H=0. and K=0 to obtain th= reference 
parabola: 

Changes in A.H.K will produce a translation as well as a 
chanae in slope of the reference parabola. 

3?her pedagogical advice is contained in section E. 
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Pro gram ttlO AB5(X) . 
BeneFirn^pic; Absolute value. 



A< Speci-fic Topic: 

1 Definition of absolute value. 

2! Graph of absolute value function. 

B. n«..«ier lotio n of Program; 

produces straight line, V- -^J-;-^=,»r'cur« 13^?^^ absolute 
graphs for which Y<0 • ^^^^^^f^^"";.^ for x>0, v-O for x-0, and 

C. p«. qiilred Hatheinatlc? »T Background: 
Knowledge of graphing of linear functions. 



D, iTftg of Program: 

Facilitates greatly the understanding of the basic definition of 
the absolute value. 

2 nlaes- and Homew orjej 

■ o,l.,g the definition let the s-^-^..^^ ofT-a T.^ll 
ITI^V ;bso?itr'iaJue' It ^a^^^'setect similar proble«s fro» the 
textbook . 

p. Pedagogical Commentary: 

Every ef-fort should be made to make definitions of 
mathematical ewprestsions meaningful to students. 

A dtflicult concept is that of the absolute value. 

A graphic representation of y=ixl provides insight into this 
concert Pi ture o. t. ..^^ 

I'^enttcal .ith y^-. , but only for 

'A<0, 
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"These statements reflect the commonly -found definition: 
lal=»a for a>«0, and 

!a;«"a ^or a<0. 

(a being a real number) 

E xample!. 131=3 because 3>0 

' ' ;-3|s=-(-3)='3 because ~3<.0 

Therefore, any absolute -alue of a real number is always 
positive. 
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Program »11 FLINC-PLOT (PARA METERS), 
general Topic: Plotting o-f Functions. 



A. Specific Topic; 

The oroaram plots user-chosen functions containing a maximum 
of JoS/a?bUra?y parameters. Several plots for different sets 
of oarametors may be obtained in succession. 

T^e word 'parameter' means a 'constant' in an equation of 
one or more variable-.. Thus, in y-a+b>: ,a and b ^^^^ P^;;^,;"f ^"^^ 
which for a specific choice of • their values give dirferent 
straight lines. 

R. Description of Program: 

The user selects an arbitrary function of the form: 

F(x>»F(:<;A,B,C,D> . « ^ t^ 

After selection specific values for the parameters A,B,C,D 

^^%SrS^ri:^tL?;^oJfe:::S l^^c. to continue Plotting tne. 
function for different values of the parameters. 

C. Required Mathematical Background: 
Familiarity with graphing of functions. 

D. Use of Program: 

To present pictures showing the influence of the values of 
the parameters on the shape of the curves given by the 
equation., 

E. Class- and Homework: 

cr 4.h« Mf i litv of thi'ii program is -Jiscussed. The 

homewor k • 
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F. Pedagogical Comn tentary; 

The program can be used in many different mathematical 
csi tuations. 

1 It can depict the addition of functions. In program #4 
X ^rtH4t-nnn n'f sinusoidal functions was 

l.,h4--artiDn of UP to four specific -functions taking A,B,C,D 
:u?UpU«r o? these functions. For the example of program «4 „e 

may write: 

F(X)=CCOS(BX) +DSIN (AX) 

and then take subsequently the following values for the 
parameters A,B,C,D: 



1 
2 
3 



B 



12 10 
12 0 1 
12 11 



which will yield the follovjing curves: 
cos(2j<),sin<x> and their sum cos (^x ) +uxn (>:) . 

2. It can be utilised to investigate the influence of 
parameters in periodic functions. 

Example: > 
F(X)=AS1N(BX+C) 

This function is used extensively in Physics to describe 
oscillations, presented often in the form: 



y=asin(2irFt+ (j^^) 

where a is the "amplitude" f is 
"phase shift". A,B,C,D must be 
following values could be serve 



the "frequency", and is the 
interpreted appropriately. The 
as an example: 



31 



# 


A 


B 


c 


D 


1 


1 




0 


0 




1 




0 


0 


3 




^7 


-1. 57 


0 



3. Significant changas in the appearance of a function can 
be pictured tay altering the parameters., 
As an ©Kample yau may consider the function: 

BX 

F(X)==:A»e ♦ (C+GIN(DX) ) 



with the following «5€?t£i of parameters: 



# 


A 


B 


C 


D 


1 




0 


0 


4 






-1 


1 


0 






-1 


1 


0 


4 


•3 


-1 


0 


4 



4. If a function ha^ no parameters^ it can 
bt taking A^^B^C-^D-O. Asi an example consiider a 
exhibits finite jumps" 



also be platted 
f unct i on that 



X 

INT(X) 



A good domain is -3<=^k<"+3 and a range 0<--y<==-r2. 
Note that the program requires the user to specify thcit the 
function being considered has "jumps". 

Print-outs of the graphs:> for these four functionfii are given 
on the following two pagei^s. 
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September 10i 198? 



TO WHOM IT MAY CONCERN REGARDING PRE-CALCULUS AND CALCULUS SOFTWARE 

BY RUTH AND RUDOLF HUTTER 
MC GRAW HILL BOOK COMPANY 



I would liKe to commend to you the tbove softw&re without 
reservttion. I htve ttught the ctlculus for more then twenty yearsi 
htve been involved in working for the College Entrance Examination 
Board both as a workshop director and as an Advanced Placement 
Examination readeri am the co-author of a Pre-Calculus textbooKf and 
have been involved in computer education as we 1 1 i especially regarding 
its use in the teaching of mathematics. 

I especially liKe the software under discussion since its 
primary function is as an aid to the teacher of calculus. Although it 
can be used by the student to provide understanding and reinforcement* 
its major strength is to be found in the classroom at the discretion 
of the teacher when developing new concepts and techniques. Indeedi 
it is the ultimate electronic blackboard for the study of Pre**Cal cuius 
and Calculus. 

Much of the software I have found available for the study of' 
the calculus emphasizes drill and practice in the techniques of 
finding the derivative and the integral. A necessary facet of such 
software involves a great deal of prose and explanation. I have 
always found this to be distracting and tedious for use in the 
classroom although perhaps appropriate for student use outside of the 
c 1 assr oom. 

On the contrary! the Hutters have left the explanations and 
the motivation to the teacher and have provided the graphic material 
which is essential to each major concept. Not only have they provided 
a way to improve upon the necessary blackboard work required of the 
teachert they have added a realm of dynamics not available to the 
teacher except perhaps through the all too few films which have been 
produced in this field. Most of the programs provide changing 
situations which illustrate either limiting situations or the effect 
upon the graphs under discussion by changes in the parameters of their 
equat ions • 

I have found many of the programs useful as a preliminary to 
the subsequent lecture given on a topic or for running while the 
lecture is underway* As an examplei the excellent program showing the 
Riemann Sum through increasing numbers of randomly selected intervals 
is the lesson itself. The intervals are clearly shown with their 
including ordinates» a selected ordinate within each intervalis 
designatedi the corresponding rectangle is shaded» and the area under 
the curve is approximated. Then the number of intervals is increased* 
a new randomly selected partition is chosen* and the process is 
repeated. It becomes clear that the approximating area is independent 



35 



oi th* •pacific Beltclion of partition, tnd the •rror involved is a 
function of the Itrgest interval selected < the norm )• Aa the 
* program it allowed to run, a discussion of the limiting process is 
molivattd. 

Most of the programs use pre-selected functionst chosen to 
bring out the concept illustrated. However, some of the programs are 
completely interactive in that they allow the teacher or other user to 
input a personally selected function, thus providing a means of 
exploring the properties under study. Some also allow for a variation 
of the speed of running so that the dynamics may be followed more 
readily. Some provide choices involving anes, specific parameters, 
computation of final results and the like. Occasionally during 
particulary lengthy computations a flashing note is made to the effect 
that one should ••HAVE PATIENCE PLEASE. COMPUTER AT WORK". 

\ The specific programs available are as follows: 



PRE-CALCULUS; <One Disk) 

TrigonometricFunction 
I n ve r se Fun c t i on 
Analytic Geometry 
Absolute Value 

Functions (including function plot, intersections of curves, 
and linear inequalities). 



CALCULUS: (Two Disks) 



Integral Cal cuius : 

Up per and Lower Sums 
Mi dpoi nt Sums 
Random-- IntervalSums 
Trape2oidal Sums 

Areas Between Two Curves (both k and y orientations) 
Pol ar Integrals 
Vol umes by Di sks 

Volumes by Shells (both k and y orientations) 

Surface of Revolution 

Ca 1 cul a t i ons -Upper and Lower Sums 

Calcul at ions-Midpoint Sums 

Evaluation of Definite Integral 



Differential Calculus: 

Chords-Tangent (Increasing function) 

Chords-Tangent (Decreasing function) 

Function and Its Derivatives 

Slope- Derivative-Sine 

Derivative of ABS(m ) 

Conca V i t y 

Der i va t i ves 

Re 1 ated Rates 

The Lengthening Shadow 

Path-Velocity-Acceleration 



.If) 



Epsi 1 0 i-Dft 1 1 A 
Di Bccnt i nui ty 
Taylor ApprnximAtion 



The accompAny i ng TeAchtrs MaruaI identifies eech of the 
following for eech program end is very useful: 



Applicable to Topic<s) 

Description of Program 

Requi red Ma themat i ca 1 Background 

Use of Program 

Class-* and Home-'Work 



If you are interested in obtaining a true aid for the teacher 
in teaching PreCalculus or the Calculus^ this material is for you!! 



-trwrence D* Hawkinson 
Instructional Supervisor^ Mathematics (Ret) 
Henry H. Gunn High School 
Pal o Al to I Ca 1 i f orni a 
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